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PROCESS FOR THE PREPARATION OF CROSS LINKED POLYMER FOAM 



5 The present invention relates to a process for the preparation of shaped closed 
cell, cross-linked polymer foam, apparatus for the preparation thereof, shaped 
closed cell cross-linked polymer foam obtained therewith and the use thereof 
More particularly the invention relates to a process for the preparation of 
shaped closed cell cross-linked polymer foam incorporating the use of 
10 foaming agents, the apparatus for the preparation thereof, polymer foam' 
obtained thereby and their use. 

It is well established that polymers such as low density polyethylene (LDPE), 
linear low density polyethylene (LLDPE), copolymers of ethylene, styrene 
15 butadiene copolymers, polyisoprene and others may be expanded to produce 
foams by the incorporation of and subsequent reaction by heat of chemical 
blowing agents, an example of which is Azodicarbonamide (ADCN). 

To provide the polymer melt with improved extensional properties and 
20 structural stabihty a crosslinking step is normally employed. Furthermore, the 
crosslinking step enhances processability by widening the 'foaming' process 
window and allows a degree of control over cell size in flie final product. 

A typical process for the manufacture of such foams of density down to 
25 70kg/m^ comprises a 'single stage' expansion process comprising three steps: 

a. Pre-mixing of polymer material, crosslinking agent and chemical 
blowing agent at a temperature which is insufficient to activate 

crosslinkinp and/or blowing apem decomposition: 
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. * I 

b. transfer of 'slugs* of the pre-mixed material to a mould, in a heated 
press and heating to initiate both cross-linking and release of the 
expansion gases through blowing agent decomposition; 

5 

c, press opening with subsequent material expansion. Expansion occurs 
as a result of pressure exerted by the released gas(es) on the hot 
polymer causing expansion out of the mould. The block foam is then 
cooled and removed. 

10 

To produce foams of density significantly lower than 70kg/m^ greater control 
of the blowing agent decomposition and foam expansion must be achieved and 
expansion is noimally carried out in a second, larger mould in one of two 
ways, referred to as a 'two-stage expansion' process, following 

15 

steps a-c above and additionally 

in step b: only partial release of expansion gases, through blowing agent 
decomposition prior to 

20 

bi. transfer to a larger mould, further heating and release of expansion 
gases or, 

in step b. decomposition of blowing agent, and cooling to prevent full 
25 expansion prior to 

bii transfer of unexpanded 'slug* to a second large mould for re-heating and 
subsequent full expansion. 
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Both the 'single' and 'two stage expansion' processes suffer however from 
residual core heat retention which leads to a wide density variation through the 
thickness in the final foam product. 

5 A common and essential feature of all these processes is the mould and press 
as a means of defming and controlling the shape of the final product. 
Expansion is restrained due to these features leading to a product with wide 
density variations, cell structure variations and in-built stresses. 

10 The prior art processes are inconvenient in terms of the 'two stage expansion'!, 
costly in terms of additional equipnient required and time required to occupy 
first and second stage moulds during expansion, complex in terms of need to 
monitor conditions. Accordingly there is a need for a more convenient 
process for the production of closed cell, cross-linked cellular polymers 

15 

We have now surprisingly found that a single stage process may be employed 
for preparation of foams, with use of temperature to initiate decomposition and 
. applied gas pressure to control the polymer expansion. 

20 In its broadest aspect there is provided according to the present invention a 
process for the preparation of a closed cell, cross linked polymer foam 
comprising in a 'single stage expansion': 

a. Pre-mixing of polymer material, crosslinking agent and chemical 
25 blowing agent at a temperature which is insufficient to activate 

crosslinking and decomposition of the chemical blowing agent; 

b. providing at least one shaped and sized preform comprising pre-mix (a) 
in an inen atmosphere m an ainocJavf and siibiecrijip lo ejevaip.d 
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temperature to initiate both crosslinking and decomposition lof the 
blowing agent; and 

c. subsequently subjecting to a rapid pressure reduction, which is 
5 sufficient to allow full expansion by the blowing gases released in b) 

above. 

Tlie process of the invention enables controlled expansion to produce a high 
quality foam, without the need to use multiple moulds or presses. It is a 
10 particular advantage of the invention that controlled expansion is substantially 
isotropic and serves to reduce in-built stresses, with substantially uniform 
product properties throughout the product. 

This has the further advantage that foams obtained post production have 
15 dimensional stability whereby dimensional changes, i.e. distortions, are 
minimised. 

Reference herein to an autoclave is to any vessel allowing control of pressure 
and temperature of the contents thereof. 

20 

The process may be employed for the preparation of any desired forms, and is 
best suited for the preparation of regular fomis such as tiles, sheets and other 
essentially planar products. Size of preforms is suitably selected by 
anticipation of the subsequent isotropic expansion. 

25 

It is a particular advantage of the invention that mixing and shaping may be 
carried out by known techniques, for example with use of a compounding 
extruder with a profiled thick sheet die, and subsequently cutting to required 
dimensions: or with use of ini em a] mi>:pn. mi]h eir.. snc] s lirhi pres.? and 
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mould. Preferably preforming is via the extrusion method which allows 
continuous production, improved mix quality and control of foam sheet 
thicknesses. 

5 The process may be used for the preparation of any foamed polymers which 
are capable of being processed (melted) below the decomposition temperature 
of the conesponding blowing agent and which enable additive mixing before 
foaming and crosslinking. It is an advantage that the initiation of the 
crosslinking reaction serves to maintain preform shape prior to and during 
10 decomposition of the chemical blowing agent, whereby controlled expansiori 
is possible. 

The process is particularly suited for the preparation of known and novel 
olefinic polymers. Known polymers are selected from low density 

15 polyethylene (LDPE), such as elastomeric polyethylene or EPDM and 
elastomeric or plastomeric metallocene polyethylene, and copolymers thereof 
such as ethylene vinyl acetate (EVA), ethylene acrylic acid (EAA), ethylene 
methyl acrylate (EMA) and the like. It is within the scope of this invention 
that the process is suited for preparing foams from novel olefinic polymers and 

20 polymer blends which are continuously being developed and made 
commercially available. 

Most preferably the process is suited for the preparation of polymers having 
sufficient melt strength to form and maintain a cellular structure on release of 
25 blowing agent and to retain their preform shape at temperatures in excess of or 
equal to 165**C. Melt strength may be controlled by selection of polymer 
rheological properties, and/or nature or amount of crosslinking agent 
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Any crosslinking agent may be employed which is compatible with the 
polymer. Preferred crosslinking agent comprises a high temperature 
decomposition peroxide. Peroxides commonly employed are those of the 
diarylalkyl peroxide class, such as dicumyl peroxide or a.d - bis(tert- 
5 butylperoxy) disopropylbenzene. The crosslinking agent is selected in nature 
and amount to give sufficient cohesion to provide melt stability during 
blowing agent decomposition at elevated temperature. 

Any known blowing agent may be employed which is compatible with the 

i 

10 selected polymer as powder or master batch (granule preblend) and releases 
sufficient gas to achieve desired foaming and density reduction. Conventional 
chemical blowing agents such as azodicarbonamide (ADCN) are preferred for 
generating gases within the polymer 

15 In the premix step any additional agents may be added such as activator, 
solvent, heat transfer materials, such as refractory materials and inorganic 
oxides, lubricant, filler, pigment and the like as known in the art. 

The inert atmosphere in the autoclave is suitably provided by known means to 
20 prevent oxidation and avoid fire hazard, and preferably comprises a nitrogen, 
argon or like atmosphere. 

Heating of the polymer formulation in the step (b) may be by any suitable 
means and is preferably convective heating by heat of gases in the autoclave. 
25 Heating is to a temperature in the range 80-2 50^C, depending on the nature of 
the polymer, crosslinking agent and blowing agent, sufficient to initiate 
crosslinking with subsequent decomposition of the chemical blowing agent. 
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In a preferred embodiment of the invention the process comprises preparation 
of a closed cell crosslinked polymer foam according to steps a-c as 
hereinbefore defined of a polymer having melt temperature in a first range 
Tm, comprising 

5 

in step a) pre-mixing the polymer with a crosslinking agent having activation 
temperature in a second range Ta and a chemical blowing agent having 
decomposition temperature in a third range Tb, wherein temperature ranges 
are in increasing or overlapping order Tm < Ta < Tb; and 

10 

in step b) heating of at least one shaped preform at a rate whereby initial 
polymer melt takes place partially or completely, followed by partial or 
complete activation of crosslinking agent, followed by partial or complete 
decomposition of chemical blowing agent. 

15 

Suitable temperature ramping may be selected as known in the art, for 
example uniform or otherwise. Rate of temperature increase and final 
temperature achieve control of concentration and yield of released gases, 
uniformity and degree of crosslinking and the like. Rate of temperature 
20 increase may be determined by those skilled in the art with reference to size of 
preforms, efficiency of heat uptake in any given autoclave, nature of polymer, 
crosslinking agent and blowing agent, desired polymer foam density, (and 
therefore amount of blowing agent), desired degree of crosslinking and the. 
like. Suitable temperature increase is of the order of TC/minute - 5°C/minute, 

25 

Pressure in step b) may be ambient or elevated. Elevated pressure may be 
applied by any known means suitable with use of autoclaves and is preferably 
by elevating surrounding gas pressure in the sealed autoclave. It is a particular 
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advantage of the invention that pressure control is uniform about and 
throughout the polymer, during heating. 

Pressure in step c) is rapidly reduced to atmospheric. It is a further advantage 
5 that an autoclave permits a rapid release of pressure with isoti'opic expansion 
in simple and effective manner. Suitably elevated pressure in step (b) is 
applied in the range up to 25 bar. Pressure reduction in step c) may be at any 
convenient rate, and may be only constrained by the limitations of valve 
apertures of a given autoclave allowing gas release. 

10 

In a fiirther aspect of the invention there is provided an apparatus for the 
preparation of shaped closed cell crosslinked polymer foam as hereinbefore 
defined comprising in line a mixer, means for shaping polymer premix into 
preforms, and an autoclave for subjecting to elevated temperature and 
1 5 pressure, with means for regulation thereof 

In a further aspect of the invention there is provided a closed cell crosslinked 
polymer foam or precursor thereof obtained with use of the process or 
apparatus of the invention as hereinbefore defined. Polymer may be of any 
20 desii'ed size and form, preferably in the form of tiles or sheets as hereinbefore 
defined. Final required foam size is restricted only by size constraint of 
apparatus used. 

In a further aspect of the invention there is provided the use of a closed cell 
25 crosslinked polymer foam obtained with the process of the invention as 
hereinbefore defined for (thermal) insulation, flooring, lining and the like in 
lightweight or structural applications such as aerospace, automotive, 
packaging, sports, leisure and toy industries, building or industiial 
appljr.aijoii^. fori.iSP m 9:'is]\c.nmp or m mcr\}r.a] appliraiiorji and tIk" hVi" 
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The invention is now illustrated in non-limiting manner with reference to the 
following figures and examples wherein 

5 Figure 1 illustrates a conventional apparatus and process; 

Figure 2 illustrates the apparatus and process of the invention. 

Figure 3 illustrates a suitable temperature/time profile for step b) of the 
10 invention. i 

In Figure 1 the apparatus comprises means for mixing and shaping polymer 
and sets of moulds contained polymer for processing. It will be appreciated 
that the additional work required in the two stage process for transferring 
15 polymer firom a mould to a second mould or to an oven is cumbersome and 
requires additional manpower or automation. 

In Figure 2 is illustrated a premixing and extrusion apparatus, in line with an 
autoclave. The use of moulds is not required and preformed polymer is simply 
20 stacked onto shelves for processing. Processing is rapid allowing efficient 
batchwise production of high quality polymer foam. 

It is within the scope of the invention to isolate a foamable polymer precui*sor 
for storage with subsequent foaming, whereby for example extruded or a 
25 shaped premix preforms may be manufactured according to step a). It is an 
advantage that intermediate preforms may be foamed locally according to step 
c) of the process of the invention, with use of minimal equipment in the form 
of a simple autoclave or the like. Blending and shaping apparatus such as 
exmision apparauis may therefore be employed cenTrally. 
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Example 1 

A formulation consisting of polymer granules, crosslinking agent and 
5 chemical blowing agent were blended and fed continuously to an extrusion 
hopper in the following proportions: 



Material 


Function 


Grade & Supplier 


Proportion 

(%) 


Ethylene Vinyl Acetate 
resin 


Base polymer resin 


Greenflex ML50 
[Polimeri Europa 
S.A.1 


96.6 1 


a,d-bis(tert-butylperoxy) 
diisopropylbenzene 


Crosslinking agent 


Vulcup-R [Hercules 
Ltdl 


0.7 


Azodicarbonamide 


Chemical Blowing Agent 


Genitron KA9183 
[Bayer pic] 


2.7 



The materials were mixed at temperature in the range 1 10**C to 125**C to form 
10 a melt which was extruded at a controlled output rate to produce a 
homogeneous, continuous sheet. The sheet was allowed to self-cool due to the 
low linear speed giving an evenly crystallised sheet product and so minimising 
internal stress. The cooled sheet was sectioned into pre-defined blocks and 
subsequently stacked onto supporting shelves of an autoclave. 

15 

The autoclave operates batch-wise and can contain any number of sheets, 
being constrained only by the size and design of the vessel. In this example 
twenty-one sheets were simultaneously expanded into foam. 

20 Initially the vessel was evacuated and filled with nitrogen gas. The gas 
pressure was then increased from atmospheric to 20 bar at a rate of 19 bar per 
minute, i.e. for one minute. Simultaneously, the temperature of the gas within 

the autoclave was inci eased ai a rare of 3^0 per minute up to 200**C. 
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After a fiirfher period of 45 mmutes, the gas pressure was released rapidly, 
subject only to the constraints of the apparatus. On full pressure release the 
foamed blocks were removed from the autoclave and allowed to cool at 
ambient temperature and pressure. 

5 

Further advantages of the invention are apparent from the foregoing. 
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CLAIMS 

1. Process for the preparation of a closed cell, cross linked polymer foam 
5 comprising in a 'single stage expansion': 

a. Pre-mixing of polymer material, crosslinking agent and chemical 
blowing agent at a temperature which is insufficient to activate 
crosslinking and decomposition of the chemical blowing agent; 

10 

b. providing at least one shaped and sized preform comprising pre-mix (a) 
in an inert atmosphere in an autoclave and subjecting to elevated 
temperature to initiate both crosslinking and decomposition of the 
blowing agent; and 

15 

c. subsequently subjecting to a rapid pressure reduction, which is 
sufficient to allow full expansion by the blowing gases released in b) 
above. 

20 2. Process as claimed in Claim 1 wherein expansion is controlled and is 
substantially isotropic. 

3. Process as claimed in any of Claims 1 and 2 for the preparation of 
regular forms such as tiles, sheets and other essentially planar products. 

25 

4. Process as claimed in any of Claims 1 to 3 wherein size of preforms is 
selected by anticipation of the subsequent isotropic expansion. 

f. ProcftS"? as claimed m an^' of Claims .1 i'^ A where.in mi:i;inp phapir:p 
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is carried out with use of a compounding extruder with a profiled thick sheet 
die, and subsequently cutting to required dimensions; or with use of internal 
mixers, mills etc., and a light press and mould. 

5 6. Process as claimed in any of Claims 1 to 5 wherein preforming is via 
the extrusion method which allows continuous production, improved mix 
quality and control of foam sheet thicknesses. 

7. Process as claimed in any of Claims 1 to 6 for the preparation of 
10 polymers selected fi-om low density polyethylene (LDPE), such as elastomeric 
polyethylene o>r EPDM and elastomeric or plastomeric metallocene 
polyethylene, and copolymers fliereof such as ethylene vinyl acetate (EVA), 
ethylene acrylic acid (EAA) and ethylene methyl acrylate (EMA). 

15 8. Process as claimed in any of Claims 1 to 7 wherein a crosslinking agent 
comprises a high temperature decomposition peroxide. 

9. Process as claimed in any of Claims 1 to 8 wherein a blowing agent 
comprising azodicarbonamide (ADCN) is used for generating gases within the 

20 polymer 

10. Process as claimed in any of Claims 1 to 9 wherein heating of ttie 
polymer formulation in the step (b) is to a temperature in the range 80-250°C' 
sufficient to initiate crosslinking with subsequent decomposition of the 

25 chemical blowing agent. 



11. Process as claimed in any of Claims 1 to 10 for preparing a polymer 
having melt temperature in a first range Tm, comprising 
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in step a) pre-mixing the polymer with a crosslinking agent having activation 
temperature in a second range Ta and a chemical blowing agent having 
decomposition temperature in a third range Tb, wherein temperature ranges 
are in increasing or overlapping order Tm < Ta < Tb; and 

5 

in step b) heating of at least one shaped preform at a rate whereiby initial 
polymer melt takes place partially or completely, followed by partial or 
complete activation of crosslinking agent, followed by partial or complete 
decomposition of chemical blowing agent. 

10 

12. Process as claimed in any of Claims 1 to 11 wherein elevated pressure 
in step (b) is applied in the range up to 25 bar. 

13. Apparatus for the preparation of shaped closed cell crosslinked polymer 
15 foam as hereinbefore defined in any of Claims 1 to 12 comprising in line a 

mixer, means for shaping polymer premix into preforms, and an autoclave for 
subjecting to elevated temperature and pressure, with means for regulation 
thereof. 

20 14. Closed cell crosslinked polymer foam or precursor thereof obtained 
with use of the process or apparatus of the invention as hereinbefore defined in 
any of Claims 1 to 13. 

15. The use of a closed cell crosslinked poljmfier foam obtained with the 
25 process of the invention as hereinbefore defined for (thermal) insulation, 
flooring, lining and the like in lightweight or structural applications such as 
aerospace, automotive, packaging, sports, leisure and toy industries, building 
or industrial applications or for use in gasketting or in medical appHcations. ' 
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AMENDED CLAIMS 
[received by the International Bureau on 10 January 2002 (10.01.02); 
original claims 1-15 replaced by amended claims 1-14 (3 pages)] 

1 . Process for the preparation of a closed cell, cross linked polymer foam 
comprising in a 'single stage expansion': 

a. Pre-mixing of polymer material having melt temperature in a first range 
Tm, crosslinking agent agent having activation temperature in a second 
range Ta and a chemical blowing agent having decomposition 
temperature in a third range Tb, at a temperature which is insufficient 
to activate crosslinking and decomposition of the chemical blowing 
agent, wherein temperature ranges are in increasing or overlapping 
order Tm < Ta < Tb; 

b. providing at least one shaped and sized preform comprising pre-mix (a) 
in an inert atmosphere in an autoclave at elevated pressure and heating 
at a rate whereby initial polymer melt takes place partially or 
completely, followed by partial or complete activation of crosslinking 
agent, followed by partial or complete decomposition of chemical 
blowing agent; and 

c. subsequently subjecting to a rapid pressure reduction, which is 
sufficient to allow full expansion by the blowing gases released in b) 
above. 

2. Process as claimed in Claim 1 wherein rate of heating in step b) is of 
the order of TC per minute - 5°C per minute. 



AMENDED SHEET (ARTICLE 19) 
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3. Process as claimed in any of Claims 1 to 2 for the preparation of regular 
foiTns such as tiles, sheets and other essentially planar products. 

4. Process as claimed in any of Claims 1 to 3 wherein size of preforms is 
selected by anticipation of the subsequent isotropic expansion. 

5. Process as claimed in any of Claims 1 to 4 wherein mixing and shaping 
is carried out with use of a compounding extruder with a profiled thick sheet 
die, and subsequently cutting to required dimensions; or with use of internal 
mixers, mills etc., and a light press and mould. 

6. Process as claimed in any of Claims 1 to 5 wherein preforming is via 
the extrusion method which allows continuous production, improved mix 
quality and control of foam sheet thicknesses. 

7. Process as claimed in any of Claims 1 to 6 for the preparation of 
poisoners selected from low density polyethylene (LDPE), such as elastomeric 
polyethylene or EPDM and elastomeric or plastomeric metallocene 
polyethylene, and copolymers thereof such as ethylene vinyl acetate (EVA), 
ethylene acrylic acid (EAA) and ethylene methyl acrylate (EMA), and blends 
tiiereof. 

8. Process as claimed in any of Claims 1 to 7 wherein a crosslinking agent 
comprises a high temperature decomposition peroxide. 

9. Process as claimed in any of Claims 1 to 10 wherein a blowing agent 
comprising azodicarbonamide (ADCN) is used for generating gases within the 
polymei' 



AMENDED SHEET (ARTICLE 19) 



wo 02/12379 PCT/CBOl/03496 

17 

I 

I 

10. Process as claimed in any of Claims 1 to 9 wherein heating, of the 
polymer formulation in the step (b) is to a temperature in the range 80-250°C 
sufficient to initiate crosslinking with subsequent decomposition of the 
chemical blowing agent. 

11. Process as claimed in any of Claims 1 to 10 wherein elevated pressure 
in step (b) is applied in the range up to 25 bar. 

12. Apparatus for the preparation of shaped closed cell crosslinked polymer 
foam as hereinbefore defined in any of Claims 1 to 1 1 comprising in line a 
mixer, means for shaping polymer premix into preforms, and an autoclave for 
subjecting to elevated temperature and pressure, with means for regulation 
thereof. 

13. Closed cell crosslinked polymer foam or precursor thereof obtained 
with use of the process or apparatus of the invention as hereinbefore defined in 
any of Claims 1 to 12. 

14. The use of a closed cell crosslinked polymer foam obtained with the 
process of the invention as hereinbefore defined in any of Claims 1 to 11 for 
(thermal) insulation, flooring, lining and the like in lightweight or structural 
applications such as aerospace, autorriotive, packaging, sports, leisure and toy 
industries, building or industrial applications or for use in gasketting or in 
medical applications. 



AMENDED SHEET (ARTICLE 19) 
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STATEMENT UNDER ARTICLE 19 

Claim 1 is amended in view of the cited documents to more clearly 
indicate the feature of controlled expansion of polymer, as described at 
page 7 lines 16 to 19, using substrates having increasing or overlapping 
temperatures as defined in Claim 11. This is clearly distinct from the 
cited documents, as indicated in the Search Report. Claim 1 is also 
amended with reference to page 7 line 26 specifying elevated pressure. 

A preferred embodiment of the conti-ol feature of Claim 1 is indicated in 
new Claim 2 which takes basis from the description at page 7 line 24. 

Claim 7 is amended with reference to page 5 line 20 to specify known 
blends of polymers. 



The remaining claims as originally filed are renumbered. 
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